The relationship between economics and health has been of great interest throughout the years. The accumulated data is not sufficient enough to carry out long-term studies from the viewpoint of morbidity, although Korea National Health and Nutrition Examination Survey (KNHANES) was carried out yearly since 1998 in Korea. Thus, we investigated the effect of the 2008 global economic crisis on health indicators of Korea. Methods: Health indicators were selected by paired t-test based on 2007 and 2009 KNHANES data. Age, gender, body mass index (BMI), smoking, drinking, exercise, education, income, working status, and stress were used as confounding factors, which were analyzed with logistic and probit analyses. Validation was done by comparing gross domestic product (GDP) growth rates and probit analyses results of 2007-2012 KNHANES data. Results: Among several health indicators, the prevalence of hypertension and stress perception was higher after the economic crisis. Factors related with higher hypertension prevalence include older age, male gender, higher BMI, no current tobacco use, recent drinking, lower education levels, and stress perception. Factors related with more stress perception were younger age, female gender, current smoking, lower education levels, and lower income. GDP growth rates, a macroeconomic indicator, are inversely associated with hypertension prevalence with a one-year lag, and also inversely associated with stress perception without time lag. Conclusion: The economic crisis increased the prevalence of hypertension and stress perception. In the case of GDP growth rate change, hypertension was an inversely lagging indicator and stress perception was an inverselyrelated coincident indicator.
INTRODUCTION
A number of studies have been conducted on the association between economics and health. Most of them have used mortality rather than morbidity as an indicator owing to the usability of the dataset. In recent years, as the scope of the investigation has extended, it has become possible to examine morbidity related to economics. The Korean National Health and Nutrition Examination Survey (KNHANES), which has been conducted since 1998, has made it possible to collect data related to morbidity.
Previous studies showed that mortality decreased as individual income or national economic status improved. [1] [2] [3] [4] However, contrary to general expectations, mortality trends are negatively correlated to economic cycles, which means that mortality improves during economic recessions. [5] [6] [7] [8] [9] A macro-level study has also shown that expanding economic status was related to increasing mortality in elderly subjects, who mainly contributed to the mortality reported by the Organization for Economic Cooperation and Development (OECD), but Korea was excluded from this study because of insufficient data. 10) According to an Icelandic study on economic conditions and morbidity, the Icelandic economic collapse of 2008 was positively related to hypertension but not significantly related to cardiovascular disease. 11) In Korea, there have been some studies, albeit short-term ones, on the relationship between economic conditions and health indicators. It has also been shown that mortality tended to decrease during the foreign exchange crisis in 1997, 12) but the results related to morbidity and medical care utilization were mixed depending on the type of disease or medical service. 13) As shown in Table 1 , the gross domestic product (GDP) growth rate of Korea was less than 1% in 2009, one year after the 2008 global economic crisis. 14) To the best of our knowledge, the relationship between economics and morbidity in Korea has not been extensively studied. We therefore investigated the effect of the 2008 global economic crisis on the health indicators of Korea using KNHANES IV (2007-2009).
METHODS

Data Source and Study Population
We evaluated data from KNHANES, which has been conducted by the Korean Ministry of Health and Welfare among noninstitutionalized civilians in South Korea since 1998, in order to provide nationally representative and reliable statistical data. 15, 16) We selected subjects over 30 years of age who had corrected hypertension data and who had participated in the surveys during KNHANES IV and V (2007-2012). All KNHANES participants signed an informed consent form.
Variables
This study is in accordance with the hypothesis that health indicators will not change in the short term unless big events related to health occur. Dependent variables were selected by a paired t-test based on the 2007 and 2009 KNHANES data, and a qualitative and limited dependent variable model was used for the selected dependent variables. Hypertension, diabetes mellitus, and dyslipidemia prevalence were chosen as objective health indicators, and stress perception, depressive symptom experience, and suicidal ideation were selected as subjective health indicators. A dummy variable was included to reflect the year effect, differentiating before and after the 2008 global economic crisis. Potential confounders included age, gender, body mass index (BMI), cigarette smoking, drinking, exercise, education, household income, and working status. Stress perception was also included as confounder when the dependent variable was hypertension. All estimates were weighted to represent the Korean population.
Statistical Analyses
The analyses comprised two parts: in the first, we assessed the effects of the 2008 global economic crisis using a model that introduced a dummy variable through KNHANES 2007 KNHANES -2009 ; in the second, we confirmed the stability of the models with dummy variables using KNHANES 2007-2012. After confirming that there were no definite differences between logistic and probit analyses in the first part of our analysis, we preferred probit analysis in the second part. Although probit analysis requires more computing power than logistic analysis owing to utilizing a cumulative distribution function of a standard normal distribution as a quantile function, it has an advantage of not only almost the same results but also diverse interpretation and application of them. 17) Analyses were conducted in SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA). The results of both logistic and probit analyses of hypertension prevalence are almost the same (Table 3) . Although there are statistically significant differences regarding stress, the Pvalue was similar; the P-value of logistic and probit analyses were 0.057 and 0.047, respectively. Our results demonstrate an increase in hypertension prevalence after the 2008 global economic crisis. Factors related to higher hypertension prevalence included older age, male gender, higher BMI, no current tobacco use, recent drinking, lower education levels, and higher stress perception. The results of both logistic and probit analyses of stress perception are also similar (Table 4) . Factors related to greater stress perception were younger age, female sex, current smoking, lower education levels, and lower income.
RESULTS
In the second part of the analysis, we mainly used probit analysis to confirm the stability of the model, which included dummy variables to represent a year effect. The dummy variable for a year effect is included with the intention of effectively reflecting the economic environment, however this dummy variable might include other confounding effects not considered in this study. Therefore, we conducted analyses of both 1-and 2-year periods from 2007-2012 data (Table 5) showed statistically significant differences. Figures 1 and 2 show GDP per capita growth rate and, respectively, 1-year and 2-year effects of hypertension and stress. According to the GDP per capita growth rate, stress perception changed more quickly than hypertension. GDP growth rates, a macroeconomic indicator, were inversely associated with hypertension prevalence with a 1-year lag and inversely associated with stress perception without lag. From the consistent results shown the relationship between the dependent variable and the economic environment, we concluded that the dummy variables effectively reflected the economic results.
DISCUSSION
This study aimed to examine the association between a macroeconomic change and health indicators. The 2008 global economic crisis might be inversely related to hypertension prevalence and stress perception, but because of the limitation of data, only short periods could be analyzed. In the recent global-level OECD study, Korea was excluded owing to insufficient GDP data. 10) Although KNHANES-a systematic and representative nationwide survey-was conducted yearly since 1998, Year Year the accumulated data are not sufficient to carry out long-term studies regarding morbidity.
The cross sectional design of the data could be a limitation because individual paired data are unavailable, which might be improved using cohort studies like the Icelandic study. 11) However, the use of representative data from the general population allows the results to be easily generalized to the whole population.
Regarding the objective variables such as hypertension, diabetes mellitus, and dyslipidemia, it could be expected that only hypertension was related to short-term economic change, considering the pathologic physiology of the disease. Hypertension is explained by some theories of its pathogenesis involving intravascular volume, the autonomic nervous system, the reninangiotensin-aldosterone system, and vascular mechanisms. 18) Stress perception would affect the autonomic nervous system, which contributes to the pathogenesis of hypertension after a short-term economic crisis. On the other hand, other diseases such as diabetes mellitus, dyslipidemia, and malignancy take a longer time to manifest. Long-term data or a cohort study could be helpful to evaluate the effect of an economic crisis on these diseases.
To verify the model, we included a dummy variable and used the whole KNHANES IV and V dataset (2007-2012), which indicated the association between macroeconomic markers and health indicators. As shown in Figure 1 , the drop in GDP growth rate did not appear to affect hypertension prevalence within 1 year after the economic crisis, whereas Figure 2 shows that hypertension prevalence increased in the following year after the drop in GDP growth rate.
As These results indicate that GDP growth rates are inversely associated with hypertension prevalence with a 1-year lag, but a long-term dataset is needed to generalize these results.
Stress perception seems to increase with economic downturns and to decrease with upturns. Although GDP growth rates dropped in 2007-2008, economic growth remained at 3%, and stress perception was unchanged. However, as GDP growth rates dropped to close to 0% in 2008-2009, stress perception significantly increased. As GDP growth rates climbed back up to 6% in 2009-2010, stress perception significantly decreased. When GDP growth rates noticeably dropped in 2009, stress perception significantly increased, and with the remarkable upturn of the GDP growth rate in 2010, stress perception significantly decreased. From these patterns, we can conclude that GDP growth rates, a macroeconomic indicator, may be inversely associated with stress perception without lag.
We investigated a conjecture that economic changes affect health indicators using objective data. It demonstrated that GDP growth rates as a macroeconomic indicator were inversely associated with hypertension prevalence with a 1-year lag and inversely associated with stress perception with no year lag. Compared with the result that stress perception oscillates inversely with GDP growth rate cycles, hypertension prevalence increased only when the GDP growth rate decreased. In the case that the GDP growth rate increased, hypertension prevalence showed no change. With previous consideration, we concluded that the dummy variable of the year effects in the model reflects the macroeconomic environment effectively, which is proxied by the annual GDP growth rate. These results could be applicable in diverse clinical or public health areas, particularly if they are complemented with further investigations using long-term data.
